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The therapeutic and maintenance dose is 2.4 mg once weekly starting with 0.25 mg once weekly 
and then following a dose escalation regimen with dose increases every 4 weeks (to doses of 0.5, 
1.0, and 1.7 mg once weekly) till 2.4 mg once weekly is reached. 
 
2.2.2 Therapeutic individualization 
No separate dose/dosing regimen is recommended in patient subgroups due to intrinsic (age, sex, 
race, body weight, renal impairment or hepatic impairment) and extrinsic factors. 
 
Dose-escalation was used to mitigate GI AEs (e.g., nausea and/or vomiting), based on the Phase 2 
dose-finding information, and prior experience from semaglutide for T2DM and GLP-1 RA drug 
class. 
 
The dose can be temporarily decreased to 1.7 mg weekly, for a maximum of 4 weeks if patients 
do not tolerate the maintenance 2.4 mg dose. 
 
2.3 Outstanding Issues 
None. 
 
2.4 Summary of Labeling Recommendations 
The Office of Clinical Pharmacology recommends the following labeling recommendations be 
included in the final package insert: 
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 
 
3.1 Overview of the Product and Regulatory Background 
 
Semaglutide has been approved for T2DM as follows: 
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• Once weekly SC administration (NDA 209637 for Ozempic) on December 5, 2015 with 
the starting dose of 0.25 mg and then increasing to 0.5 mg once weekly after 4 weeks of 
0.25 mg dosing and further to 1 mg once weekly if additional glycemic control is needed 
after 4 weeks on 0.5 mg dose. 

• Once daily oral administration (NDA 213051 for Rybelsus) on September 20, 2019 with 
the starting dose of 3 mg once daily and then increase to 7 mg once daily after 30 days of 
3 mg dosing and further to 14 mg once daily if additional glycemic control is needed after 
at least 30 days on the 7 mg dose. 

 
Semaglutide was administered using formulation with two strengths (Formulation B – 1 mg/mL 
and 3 mg/mL) in Phase 3 programs. Injection volumes were significantly different among doses 
due to limited strengths of formulation (Table 1). Injection volume has been shown previously to 
affect semaglutide PK. The applicant presented a plan at the EOP2 meeting for developing a 
formulation with more strengths (Formulation D, Table 1) to minimize variability in injection 
volume among doses after completion of Phase 3 trials. In addition to the proposed changes in the 
formulation, the applicant proposed to use a new single-dose pen-injector (DV3396) for each of 
the five doses of semaglutide in TBM product compared to a multi-dose cartridge pen-injector 
(PDS290) in Phase 3 trials (Table 1). The Agency recommended a pivotal PK bridging for the 
proposed changes in formulation and device of TBM product compared to those of clinical 
product. The Agency and applicant agreed on the trial design for the pivotal PK bridging trial 
including the primary PK endpoints at steady-state following the proposed dosing regimen and 
inclusion of PD (body weight change) as a secondary endpoint. 
 
The clinical pharmacology information was evaluated in two Phase 1 trials (Trial 4590 for the 
pivotal PK bridge and Trial 4455 for gastric emptying assessment), one Phase 2 trial (Trial 4135 
for dose-finding), two Phase 3 trials (Trial 4373 to support weight management and Trial 4374 to 
support weight management in T2DM), and population analysis on PK and exposure-response 
relationship. Further, clinical pharmacology information related to intrinsic and extrinsic factors 
is referred to those of Ozempic. 

Table 1 Semaglutide drug products used in Phase 3 and TBM  
(Source; Table 1-1, 2.7.1, eCTD) 

 

Product Phase 3a TBM 

Delivery device PDS290 (multi-dose cartridge pen-injector) DV3396 (single-dose pen-injector) 

Type of dose Escalation Mainte- 
nance 

Escalation Mainte- 
nance 

Dose 0.25 mg 0.5 mg 1 mg 1.7 mg 2.4 mg 0.25 mg 0.5 mg 1 mg 1.7 mg 2.4 mg 
Injection 
volume 

0.25 mL 0.5 mL 0.34 mL 0.57 mL 0.80 mL 0.5 mL 0.5 mL 0.5 mL 0.75 mL 0.75 mL 

Formulation B D 

Semaglutide 
concentration 
(strength) 

1.0 
mg/mL 

3.0 
mg/mL 

0.5 
mg/mL 

1.0 
mg/mL 

2.0 
mg/mL 

2.27 
mg/mL 

3.2 
mg/mL 
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3.2 General Pharmacological and Pharmacokinetic Characteristics 
 
Semaglutide is a long-acting GLP-1 RA with structural modification of human GLP-1 (7-37) to 
reduce degradation by the DPP-4 enzyme and attachment of a long-chain fatty acid 
(octadecanedioic acid) through a hydrophilic linker (ado and glutamate) to enhance protein binding 
(Figure 1). The molecular mass of semaglutide is 4113.6 Da. 
 

 
Figure 1  Structure of semaglutide 

(Source: Figure 1, Module 2.4. eCTD)  

 
3.2.1 Mechanism of Action: 
Semaglutide acts as a GLP-1 RA that binds to and activates the GLP-1 receptor.  
 
GLP-1 is a physiological regulator of appetite and caloric intake, and the GLP-1 receptor is present 
in several areas of the brain involved in appetite regulation. In addition, GLP-1 can reduce blood 
glucose through a mechanism where it stimulates insulin secretion and lowers glucagon secretion, 
both in a glucose-dependent manner. The mechanism of blood glucose lowering also involves a 
delay in gastric emptying in the early postprandial phase. 
 

3.2.2 Pharmacokinetics: 
 
3.2.2.1 Absorption 
The steady-state PK of semaglutide was evaluated following the proposed dosing regimen with 
TBM product in overweight subjects or with obesity (Trial 4590).   
 
The median (minimum, maximum) time to peak serum concentration (Tmax) was 24 (3,48) hours 
(Figure 2).  
 
The PK was apparently dose-proportional at steady state as ratios of semaglutide PK between 1 
mg and 2.4 mg was close to ratio of dose (2.4); ratios of AUC and Cmax were 2.57 (2.49,2.65) and 
2.57 (2.42,2.73), respectively. Semaglutide concentration at trough (Ctrough) were measured 
before increasing the dose to the next level and results indicate that values of Ctrough were 
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3.3.2 Is the proposed general dosing regimen appropriate for the general patient 
population for which the indication is being sought? 

Yes, the proposed dosing regimen is appropriate for the weight management from a clinical 
pharmacology perspective.   

Results of exposure-response analysis for Trial STEP 1 and 2 indicate that the efficacy (i.e., weight 
loss) increased in proportion to exposure  in the proposed dosing regimen (Figure 4, left). In STEP 
1-3, semaglutide 2.4 mg showed reductions in mean body weight of 9.6 to 16.0% (9.7 to 16.8 kg) 
compared to 2.4 to 5.7% (2.6 to 6.2 kg) in placebo arm. The gastrointestinal adverse events also 
increased with increasing dose/exposure from 1 mg to 2.4 mg (Figure 4, right). It was concluded 
that the safety and tolerability profiles including GI AEs were consistent to prior experience with 
semaglutide and GLP-1 RA without no new or unexpected observations.  

 
Figure 4 Relationship between body weight change (right) or proportion of subjects 

reporting GI AEs of any kind and severity (left) and exposure (Cavg) 
Cavg; derived from individual parameter estimated of CL/F, target dose and dosing interval 
(Source; Figure 5-10 and 5-17, 5.3.3.5, Modeling Report, eCTD) 

 
The applicant conducted a dose-finding trial following daily subcutaneous doses of semaglutide 
and observed apparent maximum body weight reduction (Figure 5, left) and acceptable tolerability 
profiles (Figure 14, Appendix) at 0.4 mg/day. For the dose selection of Phase 3 trial, the applicant 
chose 2.4 mg once weekly as it was close to the total weekly dose following 0.4 mg/daily and with 
a lower Cmax according to the exposure simulation (Figure 5, right). 

  
Figure 5 Dose-body weight at Week 52 (Trial 4153, left) and simulated mean PK 

profiles for once-daily 0.4 mg (Trial 4153) and once weekly 2.4 mg semaglutide 
(right) 
(Source; Figure 11-3, CSR, Trial 4153, Figure 18, Modeling report) 
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Missed dosing: Exposure profiles were simulated using the population PK model to support 
labeling for a worst-case scenario of missed dose (i.e., 5 days delay and scheduled 2 days after the 
delay in dosing) as described in Ozempic labeling. The scenario was predicted to reduce Ctrough 
by approximately 46% and increase Cmax by 12%. Those changes returned to typical fluctuation 
within 3 once weekly dosing intervals (Figure 6). Further the scenario was implemented in Phase 
3 trial protocols. Therefore, the following proposed labeling is acceptable. 
 

Proposed labeling in Section 2.2 Important Administration Instructions: 

 
Figure 6 Simulated semaglutide concentration profiles following delayed doses 

(Source; Figure 5-7, Modeling report, Population PK and Exposure-response 
Analysis) 

 
Effect on QT/QTc interval: 
The applicant did not conduct a dedicated QT/QTc trial following the proposed therapeutic dose 
of 2.4 mg once weekly. The applicant referred results of previously conducted thorough QTc 
(TQT) trial in Ozempic, which was conducted following 1.5 mg once weekly in healthy subjects 
(Trial 3652). The trial result indicates that there is no prolongation of the QTc interval [ΔΔQTcF 
(90%CI) = 0.2 ms (-2.8, 3.2) for 1.5 mg] and no concentration-QTc (C-QT) relationship. Further, 
there was no apparent increase in ΔΔQTcF above zero during the treatment period (up to 48 hours). 
The applicant concluded that results of Trial 3652 were adequate to support the weight 
management indication with the proposed therapeutic dose of 2.4 mg once weekly based on the 
estimated population average exposure (e.g., Cavg and Cmax) comparability between the TQT 
trial (Trial 3652) and Phase 3 trials for the target populations (e.g., STEP 1-2) (Figure 7).  However, 
the exposure range following the proposed dosing in the target populations seems to be not fully 
covered by that of the TQT trial. Although the applicant concluded that there was no apparent 
difference in the proportion of subjects with ECG abnormalities between the treatment groups in 
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Phase 3 trials, ECGs data had limitation as they were interpreted by investigators without QT 
prolongation data. To qualitatively evaluate the C-QT at semaglutide concentrations beyond 
coverage by Trial 3652, subjects with potential Cavg outlier (i.e., arbitrarily defined as greater than 
150 nmol/L) were identified (a total of 3 from STEP1-2) and QTcF data from those subjects 
indicate that there was no apparent C-QT relationship.  

 

Figure 7 Relationship between estimated semaglutide exposure between Trial 3652 and 
STEP 1-2  
(Source; Figure 4-1, 2.7.2, eCTD) 

 
 

Immunogenicity: 
The proportion for subjects with positive anti-drug antibody (ADA) at any time post-baseline was 
2.9% (N=50) in STEP 1-2, and approximately half of positive ADA measures was transient. 
Neutralizing antibody cross-reacting with endogenous GLP-1 (NAb) was 1.6% for semaglutide 
treatment arm. According to Ozempic labeling, ADA was developed in 1.0% subjects and NAb 
was detected in 0.6% subjects. In general, ADA and NAb detection rates are low and its impact on 
PK was not significant (Figure 8). 
 

 
Figure 8 Semaglutide exposures for subjects with and without anti-semaglutide 

antibodies  
(Source; Figure 4-2, 2.7.2, eCTD) 

 
3.3.3 Is an alternative dosing regimen and management strategy required for subpopulations 

based on intrinsic factors? 
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3.3.3.1 Race, Sex, Body weight, Age, and Renal Function 
 
Results from the clinical pharmacology trials and population PK analysis of data from Phase 3 
trials indicate that dose adjustment is not required for patients based on intrinsic factors such as 
sex, body weight, race, ethnicity or renal function (Figure 9).  Although semaglutide exposure 
decreased with increase in body weight, the therapeutic dose 2.4 mg once weekly provide adequate 
exposure over the body weight range of 54 to 246 kg in the clinical trials. Analysis results are 
consistent with prior experience at Ozempic. 
 

 
Figure 9 Forest plot for covariate effects for semaglutide exposure  

(source, Figure 3-4, 2.7.2, eCTD) 
 
 
3.3.4 Are there clinically relevant drug-drug interactions and what is the appropriate 

management strategy? 
 

The applicant referred to the information in Ozempic labeling for drug-drug interactions. In 
addition, the sponsor conducted a drug interaction study with paracetamol (also known as 
acetaminophen). 

Although it was concluded that semaglutide 1.0 mg did not significantly affect gastric emptying 
time (GET) in Ozempic labeling, the applicant evaluated the drug interaction potential for 
semaglutide 2.4 mg with paracetamol as the relationship between semaglutide dose and GET was 
not clear. Single dose of paracetamol 1500 mg was administered with a standard breakfast at 
baseline without semaglutide (Visit 2) and when semaglutide was at steady-state at Visit 7 (Week 
20, at steady-state with 2.4 mg) in subjects with obesity (N=35). Paracetamol was administered on 
the second day of semaglutide 2.4 mg dosing (Visit 7) (see trial design in Appendix).   

It was concluded that there was no significant impact of 2.4 mg on paracetamol PK according to 
the post-hoc analysis (Table 2). There was statistically significant effect of semaglutide on 
paracetamol PK (8% difference in paracetamol AUC0-5h, Table 2). However, there was 
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approximately 10% body weight reduction in the semaglutide treatment arm compared to no 
significant changes in the placebo arm. The observed differential body weight change between 
treatment arms may directly affect paracetamol PK in addition to its impact through the GET delay. 
To address the impact of weight reduction on paracetamol PK, the applicant conducted post-hoc 
analysis using body weight adjusted paracetamol PK. The post-hoc analysis indicate that the body 
weight adjustment resulted in no statistical significance (Table 2). Conclusions based on the post-
hoc analysis is acceptable to support labeling related to the impact of semaglutide 2.4 mg on 
paracetamol PK from a clinical pharmacology perspective. 

 

Table 2  Effect of semaglutide on gastric emptying – paracetamol AUC and Cmax (Trial 
4455) 
(Source; Table 3-4, 2.7.2, eCTD) 

 
 
3.3.5 Was there PK bridging between to-be-marketed product and clinical trial 

product? 
Yes, the applicant conducted the pivotal PK comparability trial (Trial 4590) to bridge the proposed 
to-be-marketed product (single-dose prefilled pen-injector and formulation D) to the clinical 
product (multi-dose cartridge pen-injector and formulation B). See the Regulatory Background 
(section 3.1) for the bridging objective and trial design in Appendix (4.2.1). 

The BE of semaglutide was assessed in a Phase 1, randomized, open-label trial comparing 
semaglutide PK following the proposed dosing regimen with the TBM product versus clinical 
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4.2 Summary of Individual Clinical Pharmacology Studies 

4.2.1. Trial 4590 – Pivotal PK bridging trial for the TBM product compared to clinical product 
Title: A trial to demonstrate bioequivalence between semaglutide formulation D with the DV3396 pen-

injector and formulation B with the PDS290 pen-injector in subjects with overweight or obesity.  

Objective: 
Primary objective: 
• To demonstrate bioequivalence between s.c. administrations of the semaglutide formulation used with 

the DV3396 pen-injector and the semaglutide formulation used with the PDS290 pen-injector for the 
semaglutide 2.4 mg dose. 

Secondary objectives: 
• To demonstrate bioequivalence between s.c. administrations of the semaglutide formulation used with 

the DV3396 pen-injector and the semaglutide formulation used with the PDS290 pen-injector for the 
semaglutide 1.0 mg dose. 

• To investigate changes in body weight following s.c. once-weekly doses of the semaglutide 
formulation used with DV3396 pen-injector and the formulation used with PDS290 pen-injector in 
subjects with overweight or obesity. 

 
Figure 11 Trial design (Trial 4590) 
   (Source; Figure 9-1, CSR) 

 
 

Major trial results: 
• Semaglutide BE of 2.4 mg once weekly with TBM product was demonstrated referencing that 

of clinical product (primary endpoints, Table 4) 
• Semaglutide BE of 1.0 mg once weekly with TBM product was demonstrated referencing that 

of clinical product (secondary endpoints) 
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Table 5 Statistical analysis for semaglutide BE assessment  
(Source; Table 11-2, CSR, Trial 4590)  

 

 
• Semaglutide PK was proportional between 1.0 and 2.4 mg 
• There was no significant difference between products in body weight change from baseline at 

the end of treatment (secondary PD endpoints) 
 
Table 6 Statistical analysis for semaglutide BE assessment  

(Source; Table 11-7, CSR, Trial 4590)  

 

• Ctrough concentrations were proportional to doses 

Table 7 Semaglutide trough values - descriptive statistics 
(Source; Table 16.2.5.1, CSR) 
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4.2.2. Trial 4455 – PD assessment 
Title: Effect of semaglutide 2.4 mg once weekly on gastric emptying in subjects with obesity 

Objectives: 
Primary objective:  
• To compare the effect of semaglutide s.c. 2.4 mg once-weekly and placebo on gastric emptying 
Secondary objectives: 
• To compare the effect of semaglutide s.c. 2.4 mg once-weekly and placebo on ad libitum 

energy intake 
• To compare the effect of semaglutide s.c. 2.4 mg once-weekly and placebo on appetite using 

Visual Analogue Scale 
Exploratory objective 
• To compare the effect of semaglutide s.c. 2.4 mg once-weekly and placebo on control of eating 

using Control of Eating Questionnaire 
 
Figure 12 Trial design (Trial 4455) 

(Source, Figure 9-1, CSR, Trial 4455) 

 
 
Major trial results: 
• There was no significant impact of semaglutide 2.4 mg once weekly on paracetamol PK 

following adjustment of body weight. 
• Body weight was reduced as expected with semaglutide treatment. 
• Semaglutide 2.4 mg once weekly reduced energy intake and appetite. However, secondary and 

exploratory endpoints were estimated using patient-reported outcome scales and control of 
eating questionnaire, respectively, and their results may not be adequate to support labeling 
due to exploratory nature of assessment. 
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Trial flow chart 

 

 
a  Visit 7X, day 1 will be performed as soon as possible after discontinuation  Control of Eating Questionnaire (COEQ) and trial product will not be administered 
b Visit 8X will be performed 49 days after last trial product administration 
c The informed consent must be obtained before any trial related procedures  Date of informed consent will be recorded in the CRF (case report form) at visit 1 
d Confirmation that the subject is eligible for continuation in the trial  This is not a repeat of assessment but a review of results from screening 
e Demography consists of age, sex, ethnicity and race (according to local regulation) 
f Pregnancy tests only to be performed in females of child-bearing potential 
g Smoking is defined as smoking at least one cigarette or equivalent daily 
h A standardised energy fixed breakfast meal with regular macronutrient composition and 1500 mg paracetamol (for gastric emptying assessment)  Subjects will be instructed that paracetamol is 

not allowed within 72 h prior to standardised meal test 
I Prior to dosing 
J Visual analogue scales for appetite (hunger, fullness, satiety, prospective food consumption, thirst, nausea and well-being) 
K Visual analogue scales for appeal (taste, visual appearance and overall pleasantness) 
L Pre-meal samples/assessments to be taken fasting 
M Must be taken in a fasting state 
N Overall interpretation will be collected 
O Hand out of dose reminder card and direction for use as well as training in pen-handling can be repeated as necessary throughout the trial 
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Table 8 Gastric emptying – endpoints derived from paracetamol concentration profiles after 
standardized meal - descriptive statistics 
(source; Table 14.21., CSR, Trial 4455) 
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4.2.3. Trial 4153 – Phase 2 Dose-finding trial; Investigation of safety and efficacy of once-
daily semaglutide in obese subjects without diabetes mellitus 
Title: A 52-week, randomized, double-blind, placebo-controlled, sixteen-armed, parallel group, 
multi-center, multinational trial with liraglutide 3.0 mg as active comparator. 

Objectives: 
Primary objective: 
• To assess and compare the dose-response of five doses of once-daily semaglutide versus 

placebo in inducing and maintaining weight loss after 52 weeks in obese subjects without 
diabetes mellitus 

Secondary objectives: 
• To compare the effect of once-daily semaglutide versus once-daily liraglutide 3.0 mg in 

inducing and maintaining weight loss after 52 weeks in obese subjects without diabetes 
mellitus 

• To compare the effects of once-daily semaglutide to placebo and once-daily liraglutide 3.0 mg 
on: 

– Glucose metabolism 
– Cardiovascular risk factors 
– Change in antihypertensive and lipid-lowering medical treatment 
– Compliance with dietary counselling 
– Patient reported weight-related quality of life (QoL) and general health status 

• To compare the safety and tolerability of five dose levels of once-daily semaglutide with 
placebo and once-daily liraglutide 3.0 mg in obese subjects without diabetes mellitus. 

• To compare effect of dose escalation every 2 weeks versus that of dose escalation every 4 
weeks for two dose levels of once-daily semaglutide after 52 weeks in obese subjects without 
diabetes mellitus. 

• To compare tolerability of dose escalation every 2 weeks versus that of dose escalation every 
4 weeks for two dose levels of once-daily semaglutide in obese subjects without diabetes 
mellitus. 

• To examine criteria for identifying early responders that predict weight loss after 52 weeks. 
 

 
Figure 13 Trial design (Trial 4153)  
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  (Source; Figure 9-1, CSR) 
 
Major efficacy primary endpoints and safety:  
• Overall, there was a decrease in body weight (%) with increasing dose from baseline at week 

52, with a small deviation around the semaglutide 0.2 mg and 0.3 mg dose levels (estimated 
means: -5.99%, -8.62%, -11.60%, -11.17%, and -13.84% in the semaglutide 0.05 mg, 0.1 mg, 
0.2 mg, 0.3 mg, and 0.4 mg arms, respectively, -11.38% and -16.29% in the semaglutide 0.3 
mg F and semaglutide 0.4 mg F arms, respectively, -7.76% in the liraglutide 3.0 mg arm, and 
-2.29% in the pooled placebo arm) (Figure 5, left) 

• During the 52 weeks of treatment, semaglutide was generally safe and well tolerated in subjects 
with obesity without diabetes, and overall, the safety and tolerability profile was consistent 
with other GLP-1 Ras (Figure 14) 

 
Figure 14 Subjects with adverse events of nausea by treatment, day and severity (Trial 

4153) 
(Source; Figure 12-9, CSR) 
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4.3. Pharmacometrics Review 

4.3.1 Synopsis from the modeling report: Population PK and E-R analysis of Trial 4153 
(Phase 2) 

The aim of trial was to support the dose selection for the Phase 3 trials. 

The following key questions were addressed with indication of the high-level results: 
1. PK-questions: 
a. What is the impact of covariates on semaglutide exposure? 
Baseline body weight was the most important covariate for semaglutide exposure showing 
decreased exposure with increasing body weight 

 

Figure 15 Forest plot of covariate analysis for semaglutide exposure expressed as steady-
state dose-normalized average semaglutide concentrations relative to a 
reference subject (Trial 4153) 
(Source; Figure S1) 

 
b. Does semaglutide pharmacokinetics indicate dose proportionality in the studied dose 

range? 
Semaglutide exposure was proportional to the dose. 

 
Figure 16 Semaglutide exposure versus dose (Trial 4153) 

Treatment arms with fast dose escalation are designated 0.3 mg F and 0.4 mg F, respectively. 
Exposure (Cavg) increase by doubling the dose was estimated to 1.98[1.93–2.02]95% CI. Data from 
trial 4153. 
(Source; Figure S2) 
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c. Does anti-semaglutide antibody status affect semaglutide exposure? 

No semaglutide antibodies were detected in the Phase 2 trial; hence effects on semaglutide 
exposure could not be investigated. 

 
2. Exposure-response questions: 

What are the characteristics of the exposure-response relationship for: 
a. Change in body weight from baseline to week 52? 
b. The proportion (%) of subjects with weight loss of ≥ 5% at 52 weeks? 
c. The proportion (%) of subjects with weight loss of ≥ 10% at 52 weeks? 

 
The exposure-response relationship for BW %-change from baseline until end of treatment (week 
52) showed a consistently increased weight loss at increasing exposure (Figure 17). The BW 
response started to level-off at high exposures and the concentration providing half-maximal 
effect (EC50) was estimated at 54.6 nmol/L. 

 
Figure 17 Body weight change from baseline versus exposure of semaglutide (Trial 4153). 

(Source; Figure S3) 
 

The proportions of subjects reaching 5% and 10% weight loss increased with increasing 
semaglutide exposure (Figure 18). At the median concentration obtained with 0.4 mg 
semaglutide (approximately 70 nmol/L), more than 90% of the subjects reached at least 5% 
weight loss and more than 80% reached at least 10% weight loss. 

 

Figure 18 Proportions of subjects reaching at least 5 % (A) and 10% (B) weight loss 
versus semaglutide exposure (Trial 4153) 

(Source; Figure S4) 
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3. What are the characteristics of the exposure-response relationship for 
a. Premature discontinuations due to GIAEs? 

The proportion of subjects discontinuing the trial due to GI adverse events increased slightly 
with semaglutide exposure. The proportion appeared to be higher in males compared to females 
and was independent of age group and body weight across the exposure range. 

b. Occurrence of GIAEs (of any degree), being nausea, vomiting, diarrea and constipation? 
The proportions of subjects reporting nausea, vomiting, diarrea or constipation increased slightly 
with increasing exposure. 
• The proportion of subjects reporting nausea appeared higher in females compared to males and 

was independent of age group and baseline body weight across the exposure range. 
• The proportion of subjects reporting vomiting was independent of sex, age group and baseline 

body weight across the exposure range. 
• The proportion of subjects reporting diarrea was independent of sex, age group and baseline 

body weight across the exposure range. 
• The proportion of subjects reporting constipation appeared higher in elderly compared to 

young subjects and was independent of sex and baseline body weight across the exposure 
range. 

 
• Occurrence of nausea over time? 

During early weeks of treatment, the exposure-response relationship for nausea exhibited a 
steep increase in the proportion at increasing exposure. Over time the slope of the exposure-
response curve gradually decreased indicating tolerance development. 

 
c. Occurrence of moderate and severe GIAEs? 

• The proportion of subjects reporting moderate or severe GIAEs of any kind increased with 
increasing exposure independently of sex, age group and baseline BW. 

• How does the occurrence of GI adverse events in the population with obesity compare to 
subjects with type 2 diabetes (T2D) dosed either daily or weekly, at comparable exposure 
levels? 

Exposure-response relations were similar across trials for GIAE endpoints although proportions 
of subjects reporting nausea, vomiting, diarrea, constipation and GIAEs of any kind at a given 
exposure level were higher in subjects with obesity (trial 4153) compared to subjects with T2D 
(trial NN9535-4191 and SUSTAIN trials). In spite of this, the proportions of subjects discontinuing 
treatment were similar across trials. 
 
d. Change in pulse rate from baseline to week 52? 

The change of resting pulse rate from baseline until end of trial was independent of semaglutide 
exposure. 

Comparing exposure and exposure-response between populations and dosing regimens 

Simulation of exposure and comparison of results from trial 4153 to SUSTAIN data with OW 
dosing in T2D and to data from trial NN9535-4191 with OD dosing in T2D showed the following: 
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• Semaglutide 2.4 mg dosed OW is predicted to provide similar Cmax values as 0.4 mg 
semaglutide dosed OD in subjects with obesity 

• The relationship between exposure and baseline BW was similar for subjects with obesity 
dosed OD (trial 4153) and subjects with T2D dosed either OW (SUSTAIN trials) or OD (trial 
NN9535-4191). 

• Larger reduction in body weight was observed in subjects with obesity compared to subjects 
with T2D across the exposure ranges, likely due to different populations (e.g. age and BMI) 
with different background treatment. 

• Exposure-response relations for GIAEs were similar across trials although the proportions of 
subjects reporting GIAEs at a given exposure level appeared to be higher in subjects with 
obesity compared to subjects with T2D. In spite of this, the proportions of subjects 
discontinuing treatment due to GIAEs were similar across trials. 

Exposure-response rationale for phase 3 dose selection 

Data from the current trial (4153) and from trial NN9535-4191 (semaglutide OD in T2D) and the 
data from semaglutide OW in T2D indicate that there are no additional benefits from daily dosing 
compared to weekly dosing, neither during dose escalation nor in the maintenance period evaluated 
by body weight loss, GIAE reporting and treatment discontinuation. 

Moving from OD to OW dosing with the proposed 2.4 mg OW regimen is estimated to provide 
lower average plasma concentrations with Cmax values that will not exceed those obtained in trial 
4153. 

Moreover, the BW loss and proportions of subjects reporting GIAEs and subjects discontinuing 
treatment due to GIAEs appear to be similar across subgroups of subjects 

defined by sex and baseline BW. The smaller BW loss obtained with 2.4 mg semaglutide OW 
compared to 0.4 mg OD was estimated to approximately 1 %-point. This difference is due to a 
slightly lower weekly dose (2.4 mg OW versus 0.4 mg OD, corresponding to a total weekly dose 
of 2.8 mg). With respect to tolerability, it is predicted that both the proportion of subjects reporting 
GIAEs and proportion of subjects discontinuing treatment due to GIAEs will be approximately 
2%-point lower with 2.4 mg semaglutide OW compared to 0.4 mg OD. 

 
Reviewer’s comment:  The modeling and simulation was submitted as part of EOP2 meeting 
background material, and the dose-selection rationale using the modeling and simulation was 
acceptable.  
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4.3.2 Synopsis from the modeling report: a meta-analysis of Phase 3 data 
This report presents the population pharmacokinetics (PK) and exposure-response analyses for 
phase 3 trials of semaglutide administered by subcutaneous injection for weight management. The 
meta-analyses were based on data from two trials; STEP 1 (trial id: NN9536-4373) and STEP 2 
(trial id: NN9536-4374). STEP 1 investigated the effect and safety of semaglutide 2.4 mg once 
weekly in subjects with overweight or obesity, while STEP 2 investigated effect and safety of 
semaglutide 2.4 mg once-weekly in subjects with overweight or obesity and type 2 diabetes (T2D). 
The following key questions are addressing dose-proportionality of semaglutide at weekly doses 
up to 2.4 mg, covariate effects on semaglutide exposures and the exposure-response characteristics 
of weight loss as well as gastrointestinal (GI) adverse effects, with indication of high-level results: 
 
PK questions: 
1. Does population PK indicate dose proportionality? 
In a model-based analysis, the 90% CI for a model with dose-dependent apparent clearance was 
within the 0.80–1.25 range for the reference model without dose-dependent apparent clearance 
(Figure 19) and hence, dose-proportionality for semaglutide was indicated up to 2.4 mg once 
weekly. 
 
Figure 19 Dose proportionality plots for semaglutide exposure in STEP 1 (A) and STEP 2 

(B) 
(Source; Figure 1-1) 

 
The line represent mean and dotted lines 90% CI of Cavg versus dose from the model with dose-dependency of apparent clearance and the 
shaded area represents the 80-125% exposure range for a model, assuming dose-proportionality. Data from trials STEP 1 and STEP 2. The 
geometric mean of the individual estimated Cavg at steady state at the maintenance dose of 2.4 mg in STEP 1 A) and at the maintenance doses of 
1.0 mg and 2.4 mg in STEP 2 B) are superimposed over the Cavg versus dose from the model assuming dose proportionality. 
 

2. What is the impact of covariates on semaglutide exposure? 
Body weight was the most important covariate for semaglutide exposure showing decreased 
exposure with increasing body weight (Figure 20). Other investigated covariates (sex, age, race, 
ethnicity, renal function, injection site and glycemic status) were of no or minor importance for 
the exposure of semaglutide. 
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Figure 20 Forest plot of covariate effects for semaglutide exposure 
(Source; Figure 1-2) 

 

Data are steady-state dose-normalised average semaglutide exposures relative to a reference subject profile (non- Hispanic or Latino, 
normoglycaemic (STEP 1) white female aged 18-<65 years, with a body weight of 110 kg and normal renal function, who injected in the 
abdomen). The forest plot and the column to the right show means and 90% CI for the relative exposures. Body weight test categories (74 and 
143 kg) represent the 5% and 95% percentiles, respectively in the data set. There were 1 subject with severe renal impairment included in the 
moderate group. Vertical dotted lines indicate the acceptance interval for bioequivalence (0.80;1.25). 
 

Exposure-response questions: 
3. What is the exposure-response relationship of semaglutide for 
a) Weight loss? 
For all subjects randomized to semaglutide treatment, the weight loss increased in an exposure 
dependent manner (Figure 21A). The exposure-response relationship for the completers (Figure 
21B) was comparable to the primary analysis that was based on the full analysis set. This was as 
expected, especially since more than 80% of subjects completed on-treatment. 
A larger weight loss in STEP 1 as compared to STEP 2 was observed at a given exposure level 
(Figure 21). 
 
Figure 21 Body weight change from baseline by trial versus semaglutide exposure for all 

randomized subjects (A) and for subjects completing 68 weeks on-treatment 
with measurable semaglutide concentrations in active treatment arms (B) 
(Source; Figure 1-3) 
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Factors contributing to this weight loss difference appeared to include gender distribution and 
baseline HbA1c levels (i.e. glycemic status) between the two trials. Covariates sex (Figure 22A) 
and baseline HbA1c levels (Figure 22B) were compared across trials in the same plots, showing 
that the weight loss increased in an exposure-dependent manner within all subgroups. 
 
Figure 22 Body weight change from baseline by trial versus semaglutide exposure for all 

randomized subjects stratified by sex (A) and baseline HbA1c (B) 
(Source; Figure 1-4) 

 

b) Gastrointestinal adverse events? 
The exposure-response analyses showed that the proportion of subjects reporting gastrointestinal 
adverse events of any kind, nausea or vomiting at any time during semaglutide treatment increased 
to a minor extent with increasing semaglutide exposure in both STEP 1 and STEP 2 (Figure 23). 
Moreover, the proportion of subjects reporting gastrointestinal adverse events appeared to plateau 
so that it was almost constant over the studied exposure range for the 2.4 mg once-weekly 
semaglutide dose, likely due to the dose-escalation regimen used in both trials. 
 

Figure 23 Proportion of subjects reporting gastrointestinal adverse events of any kind (A), 
nausea (B) or vomiting (C) at any time during semaglutide treatment versus 
exposure 
(Source; Figure 1-5) 
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4. Do the population PK and exposure-response analyses support the recommended 
treatment dose overall and across relevant subgroups? 
Exposure-response analysis of weight loss indicated that the response overall and across subgroups 
increased substantially over the entire exposure range obtained with 1.0 mg and 2.4 mg 
semaglutide (Figure 21 and Figure 22). Moreover, data indicate that the proportions of subjects 
attaining 10% or 15% weight loss increased substantially over the entire exposure range obtained 
with 1.0 and 2.4 mg semaglutide (Figure 24). Consequently, larger weight loss can be obtained 
with 2.4 mg semaglutide as opposed to 1.0 mg in line with the results of the statistical efficacy 
analysis in STEP 2. 
Contrary to this, the proportion of subjects reporting nausea and vomiting adverse events appeared 
to plateau and hence, remained almost constant over the studied exposure range Figure 23. Thus, 
based on exposure data the additional benefit of greater weight loss with 2.4 mg compared to 1.0 
mg semaglutide is associated with only marginally increased risk in terms of GI adverse events, 
likely due to the dose escalation regimen used in both trials. Therefore, the weight loss benefit and 
the risk of GI adverse events was concluded to be favorable for semaglutide 2.4 mg across the 
exposure range for the 2.4 mg dose and increasingly so towards the higher end of the investigated 
exposure range as illustrated in Figure 24. 
 
Figure 24 Exposure-response based benefit-risk evaluation 

(Source; Figure 1-6) 
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Table 9 Overview of trials designs 
(Source; Table 4-1, Modeling report) 

 

 
A standard one-compartment structural model with first-order absorption and elimination was 
used to describe the semaglutide PK.  
 

Clinically relevant covariates (e.g., sex, age, race, body weight, renal function, injection site and 
glycemic status) were investigated. The models were evaluated by the typical measures of 
goodness-of-fit and model diagnostics. 

Exposure-weight loss was based on an Emax model with covariates. Exposure-GI AEs was based 
on logistic regression model. 
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Table 10 Parameter estimate from the reduced final model of semaglutide PK 
(Source; Table 8-9, Modeling report) 

 
 
Table 11 Parameter estimate from the final E-R model of body weight change 

(Source; Table 8-15, Modeling report) 
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Table 12 Parameter estimate from the final E-GI AEs model 
(Source; Table 8-15, Modeling report) 

GI effects of any kind   Nausea 

   
 

Vomiting 

 
 

 

Reviewer’s Comment: The applicant’s population PK, and E-R models generally appear 
acceptable for characterizing covariate effects of semaglutide PK. 
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Figure 25 Standard goodness of fit diagnostics; the reduced final PK model (first and 
second rows) and exposure-body weight change model (third row) 
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